Sustainability in engineering practice and design is increasingly important as an outcome for engineering education for Civil and Environmental Engineers. ABET criteria for both Environmental and Civil Engineering stress sustainability, and the development of curriculum components for these degree programs continues to evolve; efforts are directed at spreading sustainability across the curriculum either in a modular fashion or in directed course sequences specifically focused on sustainability. To evaluate curricular sustainability outcomes, we continue a longitudinal study to assess and address more successful curricular applications and teaching methods in the Civil and Environmental Engineering Departments. Currently, the senior-level course in Sustainability is required for Environmental Engineers and serves as an environmental elective for the majority of Civil Engineers. Environmental and Civil engineers at Florida Gulf Coast University share the same course template for the first two years. Performance in the senior level Sustainability in Engineering course varies even though the topics reflect all varieties of infrastructure including energy efficiency, construction, transportation and water and waste infrastructure as well as project planning, life cycle analyses and economic topics. Students in both disciplines achieve student learning outcomes at high taxonomic levels; however, a large cohort of Civil Engineers fall short in achieving learning outcomes at the highest levels. An analysis of course outcomes, particularly in the senior level Sustainability course and the senior capstone design course, presents the results of curricula redesign in regards to sustainability. Continuing the longitudinal study begun in 2015, there is an enhanced immersion of students in all the environmental courses with an emphasis on projectbased learning; civil students are exposed to sustainability in the required Fundamentals in Engineering with a majority of civil students also taking the stand alone Sustainability course.
Introduction
Florida Gulf Coast University (FGCU) is the newest public regional university in Southwest Florida. As its mission, FGCU emphasizes "innovative, student-centered teaching and learning", "promotes and practices environmental sustainability", and promotes "habits of lifelong learning and the discovery of new knowledge." FGCU first admitted students in 2006, debuting with three majors leading towards the Bachelor of Science degrees in Bioengineering, Civil Engineering, and Environmental Engineering. The Software Engineering Major was added in 2011. The mission statement of FGCU promotes "innovative, student-centered teaching and learning", "the practices of environmental sustainability", and promotes "habits of lifelong 1 In accordance with ABET, the ASCE Body of Knowledge initiative and Policy Statement on sustainability 2, 3 promotes the ability to analyze the sustainability of engineered systems and associated natural resources. Lifelong learning is inherent in the principles of sustainability, leading to increasing levels of knowledge and skills required for innovative and adaptive solutions to the problems of sustainable development. 4 The specific ABET outcome of Lifelong learning (LLL) is also integral to our mission. At FGCU Engineering college, a new program educational objective (PEO) was developed to meet this ABET criteria. This specific PEO states that the program will produce "graduates who pursue life-long learning through continuing education and/or advanced degrees in civil/environmental engineering or related fields." FGCU has implemented and assessed the life-long learning approach in our curricula. Students have responded well, demonstrating more engaged and effective critical thinking skills. 4, 5 In order to incorporate sustainability into our classrooms, a literature review provided insight on different approaches. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] As a starting point, an emphasis on sustainability is placed on the sophomore level Fundamentals of Environmental Engineering course required of both Civil and Environmental Engineering majors. At FGCU, Environmental and Civil engineers share the same course template for the first two years including Fundamentals of Environmental Engineering. By the first semester junior year, all students will have had a first course in Environmental Engineering and Engineering Mechanics and are enrolled together in Fluid Mechanics. Environmental engineers then take courses in water, wastewater, solid and hazardous waste, and air pollution control, while Civil Engineers take courses in water, geotechnical, structural and transportation topics. The senior-level course, Sustainability in Engineering is required for Environmental Engineers and serves as an environmental elective for many Civil Engineers. In the senior -level courses in Sustainability in Engineering, Atmospheric Pollution and Hazardous Waste Remediation, an emphasis is placed on project based learning that incorporate principles of sustainability as defined by the Sandestin Conference as the "Principles of Green Engineering" and further developed as the Principles of Sustainable Engineering. innovate, and invent (technologies) to achieve sustainability. 9. Actively engage communities and stakeholders in development of engineering solutions
Last year, sustainability concepts were taught in all Environmental Engineering courses. As students advanced in the curricula, they have an increasing awareness and ability to address more complex environmental problems, with a focus on sustainability. General course goals include:
 The improvement of student knowledge of sustainability concepts.  The development of student ability to analyze project components for sustainability.  The expansion of student knowledge of engineering controls/mitigation strategies for reduction of negative impacts.  The improvement of student ability to apply knowledge of sustainability to real world problems, culminating with a knowledge of sustainable practices in engineering design.
Assignments and Projects Incorporating Sustainability
In the Sustainability in Engineering class, students work in teams on two projects over the course of the semester. In the first project, students perform life cycle analyses of alternative energy sources and compare them with current practice. For example, they are required to assess costs, environmental and societal impacts of the use of biofuels (algal biomass, switch grass, jatropha etc.) for transportation, including aspects of land use, impacts on food production, water and fertilizer use, crop residues, and the possible implications for fueling infrastructure if these approaches become widespread.
In the second project, students preform service-learning projects aimed at understanding and improving sustainability on their own campus, again using life cycle approaches. Numerous topics have been addressed over the eight years that the course has been offered. For example, several teams have assessed water use on campus and have explored the potential for using dual flush toilets and other low-flow approaches, urine segregation, stormwater capture and re-use, and more detailed metering to improve awareness. Energy use on campus was examined with lighting inventories, building energy audits (site inspection and data analysis of energy use records), designs for more fine-grained metering, and plans for additional solar photovoltaic and solar thermal (hot water) systems utilizing rooftops, parking lots and walkways. Several of these projects were presented to university administrators and are being implemented. Additionally, students have examined waste streams on campus, addressing recycling behavior, food waste disposition (designing composting systems and anaerobic digestion systems), paper waste minimization (recycled paper content in procurement, alternatives to the use of paper towels, and implications of the use of electronic dissemination of materials for classroom use). A list of the 2016 Sustainability in Engineering topics is found in the Table 2 . In Wastewater Treatment Engineering, students also focus on campus sustainability in their semester projects. The students are required to design, build, operate and test biological treatment systems that target waste streams generated on campus. Students have built systems to treat (i) phenol laden wastes generated in biotech labs on campus, (ii) food wastes generated by campus dining, (iii) cadaver wastewater (formalin and phenol) from Health Science labs, (iv) yard wastes generated on campus or (v) have addressed locally contaminated soils and storm-water retention ponds. Projects are listed in Table 3 . In Solid Waste Management, students also focus on campus sustainability in their semester projects. One class project includes campus "dumpster dives" where students analyze waste and generate strategies to minimize and eliminate certain types of solid waste. (add more detail) A list of the engineering projects is shown in Table 4 . In Atmospheric Pollution and Hazardous Waste Management, students also focus on campus sustainability in their semester projects outlined in Table 5 . 
Assessment of Student Knowledge/Incorporation of Sustainability into Projects and Assignments
Tables 6-10 reflect a multi-tiered assessment executed in each course including students assessing fellow students. Instructors assess thoroughness of life cycle analysis and multiple outcomes including economic, environmental and social issues surrounding sustainability. Students are expected to show effort in researching, demonstrating an awareness of all avenues of sustainability. The assessments are derived from exercises, problems, and project addressing sustainability issues, including greenhouse gas footprint, energy use, and water use. In the capstone Engineering Senior Design Course, sustainability in design was assessed at the end of the current year. An interesting outcome of this year's cohort was that Civil engineering student projects incorporated sustainability components to a level on par with the Environmental engineering students. Student perception of sustainable education at FGCU was surveyed with additional survey questions included in the assessment this year . [20] [21] [22] [23] [24] [25] Our senior design assessment results will provide a continued view of our progress in implementing sustainability principles and practices curriculum-wide, given our current proposed strategy of incorporating concepts into several courses across the curriculum.
Continuing background survey (Fall 2015-2016, 2016-2017)
Questions were formulated with focused literature search on survey methods. [26] [27] [28] The survey continues to assess student knowledge of sustainable practice and to identify variables including engineering major (Civil or Environmental or Dual), years of study, student interest and knowledge of environmental issues and policies.
Beginning the survey, students read the following: "We are asking for your help in learning more about the level of understanding and knowledge that undergraduate students have regarding the environment and sustainable development. The results of this survey will help us to improve the existing courses and develop new teaching programs related to this area. Please respond to the following items as honestly and carefully as possible". Student gender and years of study are entered with the survey itself organized into the following sections:
1. Environmental Issues 2. Environmental Legislation, Policy and Standards 3. Environmental Tools, Technologies and Approaches 4. Sustainable Development
The survey questions are listed by question and shown in Tables 11 -15 . These questions are then ranked by students on a 4-point scale as follows:
1.
-not heard of 2. -heard of but cannot explain 3. -have some knowledge 4. -know a lot
The students are also asked to rate the importance of sustainable development 1) as a person, 2) as an engineer, 3) for your country, 4) for global society and 5) for future generations. In addition, students indicate if they had any environmental education in school in general and in particular in their university courses. The survey questions specific to the importance of sustainable development are ranked on a 4-point scale as follows:
1. Not important
Possibly important 3. Important 4. Very important
Students in all environmental classes are invited to take the survey; including Civils enrolled in dual enrollment sections and Sustainability in Engineering. Table 16 includes added survey questions assessing student perception of the importance of sustainable education. 
Results and Discussion
To date, 182 responses (n=182) have been collected through the online survey, including students enrolled in Fundamentals of Environmental Engineering (typically taken by sophomores), Atmospheric Pollution, Hazardous Waste Remediation, Sustainability in Engineering, Wastewater Engineering and Solid Waste Management at FGCU. The response rate to date for the online survey is 48 % for students currently enrolled in these 4 courses. Surveyed fourth year students take Atmospheric Pollution, Wastewater Engineering and Sustainability in Engineering courses while third year level students surveyed are enrolled in Hazardous Waste and Solid Waste Management. The current survey differentiates response by years of study (not by student level). Table 1 4-Survey Section 4) continue to be weak for both majors (< 3, heard of but cannot explain). However, on the final section ( Figure 5 , Table 15 -Section 5) where students rank the importance of sustainable development 1) to them personally, 2) as an engineer, 3) for your country, 4) for society worldwide, 5) for future generations, the average for both civil and environmental students show clear differences with environmental students scoring 3.81 and civil students scoring 2.98 over a 2-year study period.
It continues to appear from this ongoing survey that environmental engineering students have stronger overall knowledge of sustainability topics, but there remain many areas of weakness in both majors. Furthermore, given the lower civil scores in more areas including ranking of importance of sustainability, it appears that there is a need to incorporate sustainability in additional civil engineering classes. However, virtually all students, regardless of major, rank sustainable development highly in terms of importance to themselves and the future. This strengthens the imperative for integrating sustainability concepts in project based learning and design modules across the curriculum, including civil engineering. Student awareness and understanding of environmental stewardship, sustainability principles and issues related to their field of practice must be continually updated and enhanced as the challenges to sustainable development ever increase locally and globally. Figure 6 shows survey results from 2015 -2016 and 2016-2017 comparing civil and environmental student averages by survey section and year. There is a consistently higher score for environmental engineering students, however; there is a significant improvement in civil engineering student knowledge from 2015-2106 to 2016-2017. Again the final section of the survey ranking importance of sustainable development 1) to them personally, 2) as an engineer, 3) for your country, 4) for society world-wide, 5) for future generations show clear differences according to major. Environmental students score 3.86 in the first year and 3.81 in the second year while civil students score 3.02 in the first first year and 2.78 in the second year. A statistical analysis was performed to test the null hypothesis that there is no difference between the civil and environmental engineering students in surveyed overall knowledge of sustainability. Low P-values (less than 0.01) indicate that the data do not support the null hypothesis. The results are presented in Table 16 . Based on the information presented in the table, a significant difference is found in both 2015-2016 and 2016-2017 survey results. An additional analysis comparing scores for 2015-2016 and 2016-2017 for civil students indicate that again data do not support the null hypothesis. However, doing the same comparison for environmental students supports the null hypothesis, which seems to reflect the increased exposure of environmental students to sustainability and higher scoring on the survey. 
Conclusions
Current survey results confirm that FGCU students view sustainable practices and development of great importance to themselves and future generations. However, there is an apparent weakness in civil student sustainability knowledge compared to environmental student knowledge. Survey results further reveal weakness for both civil and environmental students in Environmental Legislation, Policy and Standards as well as Environmental Tools, Technologies and Approaches.
The project-based approach to sustainability concepts incorporated in the environmental engineering courses appears to be effective as initially determined 2015 and 2016 course assessments. The increased exposure, as compared to civil students, of environmental students to sustainability concepts appears to improve student awareness and critical thinking abilities. The long-term goal is to continue to introduce sustainability-related activities and projects throughout the curricula and continue our semester-end course assessments. It is apparent that sustainability concepts introduced in both civil and environmental engineering courses will enhance student knowledge. Recommendations for implementation in classes include additional assignments and research projects exploring all aspects of sustainability, including economics, greenhouse gas footprint, energy and water use.
This longitudinal study will help identify effective teaching methods and yearly senior-level capstone design course assessments will evaluate level of student skill in applying sustainability in engineering practice and design. An expected outcome of this study is continuous identification and implementation of effective teaching strategies for development of student skills in sustainable engineering practice for both civil and environmental majors. The goal to motivate students to practice sustainability in design requires an integrated approach that will address student preconceptions of sustainability in the early stages of engineering coursework. The continued implementation of study results will promote student knowledge and expertise in sustainability practices as sustainability concepts are expanded throughout the curricula.
